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Long Baseline v, — v, or v, — v,

e SUPERBEAMS: (0.4 to 4 MW)

® Counting Expts (3 ways)

® Spectrum Measurement

e NEW NEUTRINO BEAMS

® Neutrino Factory (muon storage ring)

® High Gamma Beta Beams
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I\ ® 1996.4

SK-1
“Byears
V;}
® 2001.7
® 2001.11
® 2005.10

Water Cherenkov detector

Start data taking (SK-1)

Stop data taking for detector upgrade
Accident (6777 inner PMTs, 1100 outer
PMTs were destroyed)

partial reconstruction of the detector

Resume data taking (SK— II) mostly for K2K
(photocathode coverage of 20%, 7MeV

Start full recovery work

= 2700 w.e. overbuden
..~ 150,000 ton

(22,500 ton fid.)

B 11,146 20 inch PMTs

B Photo cathode coverage:
40% of surface

W 1,885 anti—counter PMTs

Acrylic + FRP vessel
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W NOvA Far Detector we would like to build

NI~

UTAD = Totally Active Detector
PVC = passive material
(J mass N kT (N large)
~80% scintillator
~20% PVC extrusions
Modular structure /
32 cells/extrusion prototype stack
12 extrusions/plane
1984 planes
LCell dimensions:
3.9cmx6cmx15.7m
UU-shaped 0.7 mm WLS fiber into APD

31-plane
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Karol Lang, University of Texas,NOvVA, XIlI International Workshop on “Neutrino Telescopes”, Venice, March 6-9, 2007
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Vi — Ve  with MATTER
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Counting Expts at First Osc. Max.

® Neutrino v Anti-Neutrino One Expt.

® Neutrino v Neutrino Two Expts Different L’s
and EQUAL E/L’s

® Neutrino v Anti-Neutrino Two Expts Different L’s
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Neutrino v Anti-Neutrino One Expt.

The NUMI Beamlme /\/O

Two functionally identical
neutrino detectors
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Neutrino v Neutrino Two Expts

Different L’s and EQUAL <E>/L’s

JHF —> Super-Kamiokande

295 km baseline

Super-Kamiokande:
» 22.5 kton fiducial
» Excellent e/p ID
Additional n%/e ID
Hyper-Kamiokande
» 20x fiducial mass of
SuperkK
Matter effects small
Study using fully
simulated and
reconstructed data
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Hierarchy Determination
using 2 dof: 90% CL 2.5 deg & 12 km
e
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/ WHY 2 dof 2222

2.5 deg & 14 km () Am2, = +3.0 x 1073 ev? 90% at 2 dof
2.0 deg & |12 km approx

97% at | dof
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JHF — Super-Kamiokande

295 km baseline

Super-Kamiokande:
22.5 kton fiducial
Excellent e/u ID
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Spectrum Measurements:

® On Axis
® Off Axis - 2nd Peak



On Axis Beams:

® 28 GeV protons. | MW beam power. Horn focussed

BNL Wide Band. Proton Energy = 28 GeV

Distance =1 km

® 500 kT water Cherenkov detector.

nu/GeV/m%POT at 1 km

® baseline > 2500 km. WIPP. Henderson, Homestake

Brookhaven Proposal




Off Axis:

Some recent progress detector in Korea

T
1Mton (0.54Mton fiducial mass)

oy Tl eciar/ i 5'.'._"‘.' Jﬂ: o --_.‘*-r
Hyper-Kagmiokande ™ L N e Total cost must
== s | be similar to the
- baseline design.
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2.5 deg. off axis Distance from 2
the target (km)
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N T s "2 5deg off-aX|s beam @Kamloka
Off-axis angle

see Kajita talk:



V. Disappearance

P(ve —v.) = 1— Py —sin®2013 [ciysin® Agq + s7,sin” Ago]
Py = c‘lj‘3 sin? 2615 sin? Aoy
10— lsappearance
LT T T T Aol = A3 — Aso.
_ L=55.km ¢=0.%/sqrt(E/MeV)
0.8 —
- .. = 2
l/;D - AZJ —_— Amsz/4hCE
/l\ 0.6_—
] _ (Amg; = m;—m3)
I~ 04+
= |
0.2 -
?
0.0 L




NH v IH:

Disappearance
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NH: |Am3,| > |Am3,| (|Az1| > [As2])

IH: |Am3,| < |Am3,] (JAs1] < |Asza])
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Rewrite cos(2A + ¢) = cos(2A.. + ¢) then
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Eobs - Etrue (KGV)

Uncertainty in E scale ???
between 2 and 8 MeV !!!

100 e S R
ol H -> NH _|
ol N
—o0 = NH —> IH
N

1 2 3 4 5 6 7 8 9 10 11
Etrue (MeV)

Eobs — Etrue + 0.015 X (Etrue — 5)
Eobs — Etrue — 0.015 % (Etrue — 5)



Eobs - Etrue (KGV)

Uncertainty in E scale ???
between 2 and 8 MeV !!!
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Eobs - Etrue (KGV)

Uncertainty in E scale ???
between 2 and 8 MeV !!!
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Distinguish NH from IH:

Di
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Magic of Fourier Transforms: JL talk



Conclusions:

Determination of Hierarchy is Challenging
NOVA and T2K statistics limited

Help Needed!!!

Large, High Quality data sets from Reactor -
Hanohano

Hanohano Limit independent of value of the CP
violating phase.
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